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SUMMARY

An investigationwasconductedto

Foster r--

determinetheeffectof spark
repetitionrateonthealtitudeignitionlimitsofa singletubular
(turbojetengine)ccmbustor.Theminimumconibustorpressuresatwhich
ignitioncouldbe obtainedweredeterminedfora widerangeof spark
repetitionrates.Datawereobtainedfortwofuelsof differentvola-
tility,twosparkenergylevels,andthreeair-flowratesintherange
ofaltitudeengine-windmillingconditions.

An increasein sparkrepetitionratefrom3 to 140sparksper
secondreducedtheignitionlimitingconibustor-inletatipressure
frm about2 to 4 fichesofmercuryforair-flowratesof 1.87and
2.80poundspeasecondpersquarefoot.Forthehighestairflow,

● 3.75poundspersecondpersqmrefoot,theignitionlimitingpressure
wasreducedabout4 to12 inchesofmercury.Thetrendwassimilar
forboththelow-andhigh-volatilityfuelandfortwolevelsofigni-

. tionenergy.Previouslyobservedtrendsoflowerignition-pressure
limitswithdecreasedair-flowratesandincreasedfuelvolatility
wereobservedinthisinvestigation.

INTRODUCTION

Inan effortto
theturbojetengtie,
laboratoryondesign

improvethealtitudestartingcharacteristicsof
researchisbeingconductedat theNACALewis
andoperatingfactorswhichmayaffectidtion

limitsof-ccmbustors.SeveralNACAinvestigationsreportedpreviously
evaluatedtheInfluenceoffuelvolatility,sparkpluglocation,and
sparkenergyonignitioncharacteristicsinbothfull-scaleturbojet
enginesandsinglecombustortistallatiuns(references1 to 5). k <
additiontothesefactorsstillanothervariable,sparkrepetition

-.

rate,mustbe consideredinthestudyof ignitionlimits.It iS with ; d’a thisvariablethepresentinvestigationis concerned.
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Theresultsof oneinvestigation(reference6)indicateno effect
ofsparkrepetitionratefora rangeof100to450sparkspersecond
witha homogeneousfuel-airmixtureina statictestchsmber.Fora
nonuniformmixtureofliquidfueldroplets,vaporizedfuel,andair,
however,an increaseinsparkrepetitionratemightbe expectedto
(1)increasetheprobabilityofa sparkoccurringattheinstantan
inflammablemixtureoffuelandairpassesthroughthesparkgap,and
consequentformationof-asmall.volumeofburningmixture;(2)increase
thenumberofsmallvolumesofburningmixturewhichmaycombineand
propagatethroughouttheconi!mzstor;or (3)increasethesurfacetem-
peratureoftheelectrodesufficientlytoaidinthevaporizationof
thefuel. Theignitionenergyinvestigationofreference4 indicatesa
slighteffectofsparkrepetitionrateonfull-scaleengineignition
limits. Pre~nary dataofreference5,however,indicatea negligible
effectof sparkrepetitionrateonsingleconibustorignitionlimits.

Thelimitedscopeoftheinvestigationsofreferences5 end6
warrantfurtherevaluationoftheeffectofsparkrepetitionrateon
theignitionlimitsofthesingleconibustor,Forthisreasonthe
investigationreportedhereinwasconductedto obtainmoreconclusive_.
evidenceoftheeffectof sparkrepetitionrateonignition.ThlSstudy
wasmadeina singletubularccmbustorsmdaltitudeignitionlimits
weredeterminedovera rangeofsparkrepetitionratefrmu3 to
140sparkspersecondat twovaluesof sparkenergy.Thecombustor-
inletairpressureqwhichlimitedignition,ata constantcombustor-
inletairtemperature,weredeterminedforthreeair-fluwratesinthe
rangeofe~inealtitudewindmillingconditionsandfortwofuels,a

[
MIL-F-5624JT-3)fuelanda modifiedMIL-F-5624fuelhavinga reduced
volatilitythatis,a Reidvaporpressureq?’1.0lh/sqin.).
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M’pARA!IWSANDTESTCCWDITIONS

Combustor

Thesingletubular(turbojetengtie)cqbustor,ducting,and
installationdetailsaredescribedinreferences5 and7. Theinstru- . , ‘
mentationforindicatingtotalpressuresandtemperaturesattheinlet
andexhaustoftheccmibustorisdescribedin reference7. Inorderto
minimizetheeffectofvariationinfuelatomization,a variable-area
nozzle(reference8)wasusedinplaceofthestandardsfiplexfuel

..

nozzle.Thevariable-areafuelnozzleproducedexcellentspraycharac-
teristicsatmuchlowerfuel-flowratesthan--thestiplexnozzle.The
fuelsupplyandmeasuring@ystemisdescribedinreference2.
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IgnitionSystem

3

A high-voltage,low-capacitanceignitionsystemcapableofa wide
rangeof sparkrepetitionrate(fig.1)wasusedto investigatethe
altitudeignitionlimitsofthesingleccxdmstor.Thissystemreplaced
thelow-voltage,high-capacitancesystemusedintheinvestigationof
ignitionenergyrequirementsofthecombustor(reference5). Itwas
foundthatwiththehigh-voltagesystemtherewaslessvariationin
thepeakvaluesofvoltageatthevarioussparkrepetitionrates.

Theenergysuppliedto thedischargecondenseriscalculatedas:

E=+ CV2(reference9)

where

E

c

v

energy,joules

capacitance,farads

voltage,volts(peakvalues)

Thehighsparkrepetition..rateusedinthisinvestigationreq~red
an indirectmethodofmeasuringpeakvoltages.An oscilloscopewasm
usedto comparedthevoltagedropacrossthedischargecondenserwith
thepeakvoltageofan oscillator,as showninfigure1. Theprocedure”
wasasfollows:Withtheswitchinposition1 (fig.1),thespark
repetitionratewasestablishedatthedesiredvalueby firstsetting
theoscillatortothedesiredfrequencyandadjustingthemultivibrator,
whichcontrolsthesparkrepetitionrate,sothata Lissajousfigure
indicatinga 1:1frequencyratiowasobtainedontheoscilloscope.The
switchwasthenchangedtoposition2;thehorizontalgainonthe
oscilloscopewasadjustedsothatonlytheverticaltrace;representing
condenservoltagedrop,remained.Theverticalgainwasadjustedso
thatthetracewasbetweentwoarbitraryfixedpointsonthescreen.

..

Withtheswitchinposition3,theoscillatorsmplitudewasadjusted
sothattheheightofthenewtrace(oscillatorvoltage)wasequalto
thatobservedwiththeswitchinposition2. Thepeakvoltagewasthen
readona peak-to-peakBallantinevoltmeter.Duringstep3 itwas
necessarytohavethesparkinthe“off”positiontopreventinter-
ferencefromtheignitionvoltage.

A A voltagedividerof1000to lwas usedacrossthecapacitor,
necessitatinga factorof1000onthepeakreadingvoltmeter.Inde-
pendentcalibrationsofthevoltmeterandtheoscilloscopeindicated

. thattheseinstrumentsweresufficientlyaccurateforthisinvestiga-
tion.
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Despiteprobableenergylossesinthedischargesystem,itis
believedthattheenergylevelat the”spa~ligapr~ined constantfor
therangeof sparkrepetitionrates,inasmuchastheconstantsinthe
dischargecircuitwerenotchanged.High-syeedphotographsofthe
ignitionspark(standardaircraft-t~espa”rkplu&~0.050in.gap)at--
differentenergylevelsanddifferentsparkrepetitionrateswere
obtainedto substantiate,qualitatively,theconstaucyofthespark
energywithrepetitionrate. Whereasdifferencescouldbeobser”ved,
easily,betweensparkenergiesof.1.65,2.45,and4.5Soules,little
or.nodifferencewasobservedamongpicturesofthesparkata constant
measuredenergybutat differentspqk repetitionratesfora range .
from3 to140sparkspersecond.

.-
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PROCEDURE

Thecontrolsandprocedure’inconducti~thisinvestigationwere -.
essentiallythesbmeasthosedescribedin’reference5,exceptthat
sparkrepetition.ratewasthecontrolledvariableattwoconstantspark
energylevels.Theminimumcombustor-inle%airpressureatwhichigni- ___
tioncouldbe obtainedwasdeterminedforsparkrepetitionratesof
3,8,16,60,and140sparkspersecond.@ta wereobtainedforthree ““
air-flowrates(1.87,2.80,and3.75lb/(sec)(sqft))intheprobable
rangeofairflowsataltitudeengine-wintiillingcmiditions(refer-
ence1). Thecombustor-inletairtemperaturewasmaintainedat -10°F
foralltests.Fuelwasadmittedtothectibustorby openingthe
throttleslowlyu@il ignitionoccurred,allowinga maximumtimeinter-
valofabout30seconds.Thecriterionforsatisfactoryignition,was
thattheflamefillthecombustorandcontinueburningafterthesprk ga2-”--
wasde-energized.Thefueltemperaturewasnotcontro~edtismuchas

,.
‘.
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ithadbeenfoundpreviously(reference2)“thatthetemperatureof
fuelinthenozzletipwasessentiallythatofthecombustor-inlet_
temperatwxe.

the
air

I?miL8 ..

Twofuelsofcurrentinterestforuseinturbojetengineswere
chosenforthisignitioninvestigation.‘--

-.

(1)JIJ-3fuel(MIL-F-5624,NAdAfuel51-38),a highvolatilityfuel
witha Reidvapor-pressureof6.2poundspersquareinch.

(2)ModifiedJP-3fuel(NACA,fuel49-246),obtainedby removing
volatilecomponentsfromMIL-F-5624toadjusttheReidvaporpressure “ x;
to a nominal1.0poundpersquareinch(inthisreport,thismodified
fuelwillbe referredtoasthe“1-poundfuel”). .—---- .4

Analysesofthetwofuelsaregivenh table1.

-.>
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RESULTSANDDISCUSSION

Theeffectof spdrkrepetitionrateontheminimuminlet-air
pressureatwhichignitionoccurredinthesingletubularccmbustoris . ._
presentedinfigure2. Dataarepresentedfora hi@-volatilityfuel
anda low-volatilityfuel(=-3 andl-lbfuel,respectively),three
air-flowrates,sndtwovaluesofsparkener~.

Itmaybe notedthatthesparkenergyisindicatedas arbitrary
“sparkenergyUnitsnratherthanas thetrueenergyintermsof joules.
Theactualvalueof sparkenergyat thesparkgapisindeterminant
becauseoflargeandunknuwnlossesintheelectricalsystemused,
particularlyinthe(thyratron)5C22tube. However,asdescribedin
thesectiononAPPARATUSANDTESTCONDITIONS,it isbelievedthatthe
actualvaluesof sparkener&yremainedconstantovertherangeof spark
repetitionrateinvestigated;andtheeffectsof sparkrepetitionrate
indicatedinfigure2 wouldthenbe valid.Froma comparisonofthe
ignition-pressure-limitdataoffigure2 withdatapresentedinrefer-
ence5 forthessmecombustorandoperatingconditions,an estimateof
the”actualsparkenergycanbemade. Thus4.5sparkenergyunits
(figs.2(a)and3)representabout0.45joulesand9 sparkenergyunits
(fig.2(b)),0.9joules.

Theresultsof figure2 indicatetheexpectedtrendof increased
minimumignition-pressurelimitwithincreasedair-flowrateendwith

i decreasedfuelvolatility(reference5). Asthesparkrepetitionrate
wasincreasedfrom3 to 140sparkspersecond,thecombustor-inlet
pressure-limitingignitionwasreducedabout2 to 4 tithesofmercury

. at anair-flowrateof1.87to 2.80poundspersecondpersquarefoot.
Fqra higherair-flowrate,3.75poundspersecondpersquarefoot,the
correspondingreductionininletpressurevariedfromabout4 to
12 inchesofmercury.Theimprovementin ignitioncharacteristics
resultingfroman increasein sparkrepetitionratemightbe attributed
to

(1)Increaseintheprobabi~tyofa sparkoccurringat theinstant
an inflammablemixtureoffuelandairpassesthroughthesparkgap
andconsequentformationofa smallvolumeofburningmixture -.

(2)hcrease in them.miberof smalJ_volumesofburningmixture
whichmy combinesmdpropagatethroughoutthecombustor

(3)Increasein spark-plug-electrode-surface
consequentincreasein fuelvaporizationrateL

temperaturewitha

.
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fi.ordertodeterminetheprobableaidinfuelvapor~zationthat
mightresultfrm an increasein sparkrepetitionrate,an attemptwas
madetomeasurethetemperatureof onesparkplugelectrode.A thermo-
couplewasweldedtothegroundelectrode(fig.3)andconnectedto
suitableinstrumentation.Thesparkpluwas installedinitsregular
positioninthecombustor,andthetemperaturesweremeasured(after
stabilization)forthedifferentinlet-airconditions(withoutbun-).
Figure3 showsttit,atthelowsparkrepetitionrates,thereislittle
orno riseinelectrodetemperatureabovethatoftheca.?ibustor-inlet
airtemperature,whereasa substantialincreaseh electrodetemperatu
occursatthehighersparkingrates.Thedataindicatethatsomeheat
wouldbe availableatthesurfaceoftheelectrodestoaidinfuel
vaporization;consequently,anadditionaltestwasconductedtodeter-
mine,atleastqualitatively,theeffectofthiselectrodetemperature
onignition-pressurelimits.A water-glycolmixturewasusedto coola
hollow(grounded)electrode(fig.3)ofthesparkplug. Littleor.no
effectofthiscoolingoncombustorignitionlimitswasobserved.No
attemptwasmade,however,to coolbothelectrodesofthesparkplug.

—
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SUMMAM OFRESULTS

Thefollowingresultswereobtainedfrow~ investigationofthe
effectsof sparkrepetitionrateon thealtitudeignitialimitsofa -
singletubularturbojet-enginecombustor”operatedwithtwofuelsof

——

differentvolatility,twospark-energylevels,andthreeair-flowrates k_
intherhngeofaltitudeengine-windmi.liingconditions: --

1.Forair-flowratesof1.87smd2.80poundspersecondpersquare ‘“‘-‘-.
foot,an increasein sparkrepetitionratefrom3 to140$parksper ,
seccmdresultedina reductioninthemiti””cmnbustorignition-

..—
pressurelhits ofabout2 to 4 inchesofmercury;foran air-flowrate
of 3.75poundspersecondpersquarefootthisreductionvariedfrm
about4 to 12 inchesofmercury.

2.Previouslyobservedtrendsoflowerignition-pressureLimits .
fora decreaseinair-flowratesandan increaseinfuelvolatility
wereobservedinthisinvestigation. .- .-

LewisFlightPropulsionLaboratory
NationalAdvisoryCcmmitteeforAeronautics

Clevelsnd,Ohio.
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TABLEI .-FUELANALYSIS

Fuelproperties

A.S.T.M.distillationD-86-46(OF)
Initialboilingpoint

Percentevaporated
5
10
20
30
40
50
60
70
80
90

Finalboilingpoint

Residue(percent)

Loss(percent)

Reidvaporpressure(lb/sqin.)

Hydrogen-carbonratio

Heatof combustion(Btu/lb)

Specificgravity

Freezingpoint(~)

MIL-F-5624
(JTL3fuel)

XACAfuel
51-38

113

146
169
198
218
236
254
270
293
325
388

473

1,0

1.2

6“.2

0.172

18.763

0.742

<-76

NACARME51J18

MIG-F-5624
Modified

(l-poundfuel)
NACAfuel
49-246

210

224
243
276
302
328
355
384
413
441
478

560

1.0

1.0

1.0

0.157

18.560

0.803

<-76
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Figure 1. - Block diagram of high-energy ignition source and controls. to
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